
Short communication

Seroprevalence of Neospora caninum and Toxoplasma gondii

in black-tailed deer (Odocoileus hemionus columbianus)

and mule deer (Odocoileus hemionus hemionus)

J.P. Dubey a,*, K. Mansfield b, B. Hall b,1, O.C.H. Kwok a, P. Thulliez c

a United States Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, Animal Parasitic Diseases

Laboratory, Building 1001, Beltsville, MD 20705-2350, USA
b Washington Department of Fish and Wildlife, 2315 North Discovery Place, Spokane Valley, WA 99216-1566, USA

c Laboratoire de la Toxoplasmose, Institut de Puériculture, 26 Boulevard Brune, F-75014 Paris, France

Received 22 January 2008; received in revised form 11 June 2008; accepted 11 June 2008

Abstract

Deer are considered important intermediate hosts for the coccidian parasites, Toxoplasma gondii and Neospora caninum.

Antibodies to N. caninum and T. gondii were determined in sera of 42 mule deer (Odocoileus hemionus hemionus) and 43 black-

tailed deer (Odocoileus hemionus columbianus) from Washington state, USA, using direct agglutination test with specific antigens.

A titer of 1:25 was considered diagnostic for both parasites. N. caninum antibodies were found in 7 of 42 mule deer and 8 of 43

black-tailed deer. T. gondii antibodies were found in 14 black-tailed deer but not in any of the mule deer. This is probably the first

report of seroprevalence of N. caninum in these hosts.

Published by Elsevier B.V.

Keywords: Neospora caninum; Toxoplasma gondii; Black-tailed deer (Odocoileus hemionus columbianus); Mule deer (Odocoileus hemionus

hemionus); Seroprevalence; USA

www.elsevier.com/locate/vetpar

Available online at www.sciencedirect.com

Veterinary Parasitology 156 (2008) 310–313
1. Introduction

Neospora caninum and Toxoplasma gondii are

related coccidians that can cause infection in many

species of domestic and wild animals (Dubey and

Beattie, 1988; Dubey et al., 2007). The white-tailed

deer (Odocoileus virginianus) is considered an impor-

tant intermediate host for N. caninum in the USA

because the seroprevalence is very high (Dubey et al.,
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1999; Lindsay et al., 2002; Gondim et al., 2004;

Anderson et al., 2007) and viable N. caninum has been

isolated from this host (Vianna et al., 2005). As yet,

there is no report of clinical neosporosis in the white-

tailed deer but fatal neosporosis was reported in a

black-tailed deer (Odocoileus hemionus columbianus)

from California (Woods et al., 1994), in an Eld’s deer

(Cervus eldi siamensis) from France (Dubey et al.,

1996), and a Fallow deer (Dama dama) from Switzer-

land (Soldati et al., 2004). In the present paper, we

report seroprevalence of N. caninum in black-tailed

deer and mule deer (Odocoileus hemionus hemionus),

the first time from these hosts.

There are several reports of seroprevalence of T.

gondii infection in white-tailed deer in the USA

(Brillhart et al., 1994; Vanek et al., 1996; Lindsay et al.,
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Table 1

Antibodies to N. caninum and T. gondii in mule deer and black-tailed

deer from USA

I.D.No. Location N. caninum T. gondii

NAT IFAT MAT

Mule deer

2–17 Swawilla 25 Neg. Neg.

2–22 Pacific Lake 50 Neg. Neg.

2–23 Pacific Lake 50 Neg. Neg.

2–27 Sanpoil 1600 Pos. Neg.

2–30 Swawilla 400 Pos. Neg.

2–31 Swawilla 25 Neg Neg.

Black-tailed deer

98–2 NR Neg. Neg. 200

98–24 McNeil Island Neg. Neg. 25

0–15 NR Neg. Neg. 1600

0–17 NR 25 Neg. 25

0–20 NR Neg. Neg. 3200

0–43 Vale Tree Farm 200 Not done Neg.

ND-3 NR Neg. Neg. 1600

ND-3 San Juan Neg. Neg. 1600

ND-12 San Juan Neg. Neg 1600

ND-22 Herron Island 25 Neg. 50

ND-25 Herron Island 25 Neg. 800

ND-27 Herron Island 50 Neg. 800

ND-29 Herron Island 25 Neg. 800

ND-30 Herron Island 25 Neg. 800

NR is not recorded. ND is no date recorded. Neg. is <25.
1991; Humphreys et al., 1995; Dubey et al., 2004), and

viable T. gondii has been isolated from hunted deer

(Lindsay et al., 1991; Dubey et al., 2004, 2008). Cases

of clinical toxoplasmosis (Sacks et al., 1983), including

ocular manifestations (Ross et al., 2001), have been

documented in humans who had consumed under-

cooked venison. Antibodies to T. gondii were reported

in 35% of 89 mule deer from Nebraska (Lindsay et al.,

2005) and viable T. gondii was isolated from this host in

Montana (Dubey, 1982). In the present paper, we report

seroprevalence of T. gondii in black-tailed deer and

mule deer. While mule and black-tailed deer share

many characteristics and will readily interbreed if they

have the opportunity, mule deer are found in xeric and

open country while black-tailed deer are generally

found in wetter, more heavily forested areas. In the

state of Washington, mule deer and black-tailed deer

are separated geographically by the Cascade Mountain

range (Wallmo, 1981).

2. Materials and methods

2.1. Naturally exposed deer

Sera were collected from 7 mule deer that were

killed by hunters, and from 35 mule deer and 43

black-tailed deer that were live-captured and handled

for research purposes between 1998 and 2002. Sera

were stored at �20 8C until examined for the present

study in 2007. The five mule deer collection sites

were: Coffee Pot Lake (47.49N, 118.56W) 7, Revere

(47.07N, 117.92W) 13, Pacific Lake (47.41N,

118.71W) 5, Sanpoil (47.95N, 118.65W) 6, and

Swawilla (47.92N, 118.74W) 13. The black-tailed

deer were from McNeil Island (47.21N, 122.69W) 8,

Vale Tree Farm (46.83N, 122.60W) 7, Indian Island

(48.00N, 122.77W) 6, San Juan (48.35N, 123.10W) 9,

Herron Island (47.27N, 122.83W)10, and site not

recorded for 3 deer.

2.2. Neospora serology

Sera of deer were first tested for N. caninum

antibodies using two-fold dilutions, from 1:25 to

1:3200 with the direct Neospora agglutination test

(NAT) as described by Romand et al. (1998).

Subsequently, sera were tested in 1:25 serum dilution

by the indirect fluorescent antibody test (Dubey et al.,

1988) using 1:25 dilution of the fluorescein-labelled

affinity purified rabbit anti-white-tailed deer IgG

(heavy and light chain) antibodies (KPL, Gaithers-
burg, MD). Appropriate controls were included using

positive and negative sera from white-tailed deer.

2.3. Toxoplasma serology

Sera of deer were tested for T. gondii antibodies

using two-fold dilutions, from 1:25 to 1:3200 with the

modified agglutination test (MAT) as described by

Dubey and Desmonts (1987). The MAT is not species

specific.

3. Results and discussion

3.1. Mule deer

Antibodies to N. caninum were found in seven of 42

mule deer by NAT (Table 1). The three samples with

high NAT titers (1:200, 1:400, 1:1600) were also

positive by the IFAT. None of the 42 samples had T.

gondii antibodies.

3.2. Black-tailed deer

Antibodies to N. caninum were found in 8 of 43 deer

by the NAT; none were positive by the IFAT. T. gondii
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antibodies were found in 14 of 43 deer. Seven of

the seropositive deer had antibodies to both parasites

(Table 1).

In the present study, antibodies to N. caninum and T.

gondii were initially determined using respective direct

agglutination tests. Although these tests have not been

validated in the species of the deer tested in the present

study, they appear to be parasite-specific in all hosts so

far investigated. Of these, the T. gondii MAT has been

extensively validated for pigs using the isolation of the

parasite as the standard (Dubey et al., 1995; Dubey,

1997). In two studies, viable T. gondii was isolated from

61% and 67% of seropositive adult white-tailed deer

(Lindsay et al., 1991; Dubey et al., 2004). Isolation of

viable N. caninum is difficult from any host (Dubey

et al., 2007). Therefore, none of the serological tests

have been validated for the diagnosis of neosporosis

using isolation of the parasite as the standard. In the

present study, the three mule deer samples with

relatively high NAT titers (1:200 or higher) were also

positive with the IFAT; thus, Neospora antibodies were

demonstrated with two serological tests. With respect to

black-tailed deer NAT positive sera, the seven sera with

low NAT titers were negative by IFAT; the serum with

NAT titer of 1:200 was not tested by IFAT.

In the present study, all seven mule deer with N.

caninum antibodies were seronegative for T. gondii,

suggesting specificity of the tests. With black-tailed

deer, of the 14 seropositive animals, seven were

seropositive for only one parasite, also suggesting the

specificity of the tests. Why the seroprevalence of N.

caninum and T. gondii in the two species of the deer was

different is unexplained and a larger sample size will be

needed to verify the result.
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